sive orthopnea. She had been seen at another hospital where congestive heart failure was diagnosed. Digitalis and diuretics were administered, but she remained symptomatic.
In the present admission to hospital in October 2005, the patient had symptoms of overt heart failure. Physical examination revealed a 3/6 continuous murmur at the left upper sternal border. Transthoracic echocardiography demonstrated a dilated left atrium and left ventricle with impaired left ventricular contractility. Moderate aortic regurgitation (AR) and moderate pulmonary hypertension were also detected, but no intracardiac shunt was seen on 2-dimensional echocardiography. The results of subsequent transesophageal echocardiography confirmed the transthoracic echocardiographic findings, apart from revealing a patent ductus arteriosus (PDA) and a LMCA of abnormal origin between the noncoronary and left coronary sinuses.
Right heart catheterization disclosed a 13% increment in oxygen saturation at the level of the main pulmonary artery. The main pulmonary arterial pressure was 57 mmHg. The ratio of pulmonary to systemic blood flow (Qp/Qs) was 1.76. Aortography at the level of the thoracic descending aorta showed a large PDA connecting the descending aorta and main pulmonary artery, with a left-to-right shunt. Aortic root angiography demonstrated grade 3/4 AR. During coronary arteriography, the LMCA was not opacified, even after direct injection of contrast medium into the left sinus of Valsalva. Two large conus arteries originating from a separate ostium alongside the orifice of the right coronary artery (RCA) were revealed using a right Judkins technique. These 2 arteries connected to the middle portion of the left anterior descending artery (LAD) and perfused the entire left coronary arterial tree in an antegrade and retrograde fashion ( Figure 1A) . The RCA had a normal caliber and filled the LAD and left circumflex artery (LCx) via numerous small collateral vessels from the posterior descending artery ( Figure 1B) . The ostium of the LMCA formed a blind loop with fusiform dilatation that did not connect with the aortic root. Computed tomographic angiograms of the coronary arteries demonstrated that the fusiform dilatation of the LMCA ostium formed a dimple at the subaortic area (Figure 2) . Preoperative technetium-99 scintigraphy using intravenous dipyridamole revealed perfusion defects in the anterior region and the adjacent anterolateral wall of the left ventricle ( Figure 3A) .
The patient was referred for surgery in December 2005. During the operation, a 6-mm PDA was confirmed, with the pulmonary part of the ductus vessel located at the cephalic portion of the bifurcation of the main pulmonary artery. Only the RCA orifice was evident. A 6-mm dimple in the subaortic area, located below and between the noncoronary and left coronary sinus of Valsalva, hindered the normal coaptation of the aortic valve (Figure 4) . Two large conus arteries originated from a separate orifice beside the RCA orifice, and coursed anteriorly and entered the middle part of the LAD. PDA obliteration through a main pulmonary artery approach and aortic valve repair with partial approximation of the noncoronary and left coronary cusps (LCCs) were performed. Because the patient had the 2 large conus arteries originating from the aorta and bypassing the LMCA, and was free from anginal symptoms, surgical revascularization was not performed.
The patient had an uneventful recovery. Follow-up 2-dimensional echocardiography demonstrated a reduction in the size of the left atrium and left ventricle, with improved left ventricular contractility. The AR resolved, and the pulmonary arterial pressure returned to normal limits. Technetium-99 stress myocardial perfusion scintigraphy, performed 6 months ( Figure 3B ) and 2.5 years ( Figure 3C ) postoperatively, showed significant improvement of the perfusion defect in the anterior wall of the left ventricle. The patient remained free from heart failure or anginal symptoms at the 2.5-year follow-up visit. 
Discussion
Congenital atresia of the LMCA is a very rare anomaly, with only 39 cases reported at the time of writing. It was originally regarded as a variant of the single coronary artery until the mid 1970s, when Lurie first defined this anomaly as a distinct entity with a characteristic flow pattern and physiology. 6 The clinical outcomes for these 2 congenital anomalies are also different. The single coronary artery is usually considered a benign anomaly that does not cause symptoms and is compatible with a normal life span; it is often diagnosed only at autopsy. 7 However, patients with congenital LMCA atresia often present with angina, myocardial infarction, failure to thrive or sudden cardiac death. 1 In infants and children, LMCA atresia may be associated with other cardiac defects. In the 28 cases reviewed by Musiani et al, 5 pediatric patients had other cardiac defects. 1 Interestingly, no associated cardiac anomaly has been reported in any adult patient with LMCA atresia. It is likely that the coexistence of cardiac defects results in either increasing myocardial oxygen demand or decreasing myocardial oxygen supply, which causes symptoms early in life. The present patient had congenital LMCA atresia associated with PDA and AR, a diagnosis not previously reported in the literature. PDA increases myocardial oxygen demand by increasing left ventricular preload, and thus exacerbates the degree of myocardial ischemia in patients with congenital LMCA atresia. Furthermore, the LMCA in the present patient originated from a dimple located in the subvalvular area between the noncoronary and LCCs, which impaired the normal coaptation of the aortic valve and resulted in AR. The AR further exacerbated the myocardial ischemia. AR repair and PDA closure improved coronary blood supply and decreased myocardial oxygen demand because of the reduction in left ventricular preload.
The long-term result of coronary artery bypass grafting in pediatric patients is questionable, especially if saphenous vein grafts are used; however, coronary artery revascularization is the procedure of choice in adult patients with congenital LMCA atresia, because internal mammary artery (IMA) grafts have superior long-term patency. 1 However, Sato et al used an IMA graft to the LAD in an 18-year-old male patient and found that the IMA flow was insufficient in the postoperative study performed 8 months after surgery. 8 Ghosh et al describe a 55-year-old man with isolated congenital LMCA atresia and coexistent 2-vessel atherosclerosis. 9 Although there were clinically significant atherosclerotic lesions of the proximal LAD, the origin of the LCx and the first diagonal branch, they only revascularized the diagonal and marginal arteries because the LAD was supplied by a large conus artery originating from the aorta. Elian et al also reported a 42-year-old male patient with congenital LMCA atresia in whom the left coronary arteries were supplied via 2 large vessels from the posterior descending branch and the posterolateral branch of the RCA. 10 Although thallium stress scintigraphy demonstrated reversible perfusion defect at the septum and the anterolateral wall, the authors did not recommend revascularization for that patient because he was completely asymptomatic and remained asymptomatic 18 months post catheterization. Because the present patient was free from angina symptoms, and had 2 large conus branches connected to the LAD as "naturally occurring" bypass arteries, surgical revascularization was not performed. To our knowledge, this is the first reported case of congenital LMCA atresia associated with PDA and clinically significant AR. Given the positive outcome in this patient, surgical repair of the associated cardiac defect without coronary revascularization may be a reasonable approach for patients with congenital LMCA atresia, in which the left coronary arterial tree is supplied by other "naturally occurring" bypass arteries. 
